Abstract-We investigated the learning effects of repeated presentation of sentence materials in an adaptive paradigm in five sessions over 5 to 10 days using 10 subjects in each of three age groups (<30 years, 40 to 60 years, and >65 years). Three target words, based on word-usage frequency and word confusability, were embedded within the seven to nine syllable sentences. Thresholds were obtained for the control lists in Sessions 1 to 5 and for the experimental lists in Sessions 1 and 5. The experimental lists were withdrawn in Sessions 2 to 4. The mean thresholds (1) for the three subject groups were significantly different, (2) for the experimental conditions and the control conditions were not significantly different, and (3) for Session 5 were significantly lower than in Session 1. The implication is that improved thresholds were the result of the subjects learning the test procedure (including the listeningresponse task, speaker familiarity, and test environment) and not from learning the test words/sentences.
INTRODUCTION
Current clinical procedures typically include recognition of isolated monosyllabic or spondaic words in a format that poorly represents communication in real-life situations. The validity of these tests depends on the assumption that the paradigms represent everyday speech. Although syllable and word tests may give insights into certain perceptual problems, syllable and word tests do not reasonably approximate everyday listening conditions. Several formats are employed that use sentence materials. They range from simple interrogative sentences, which the subject answers [1] , to target-word formats in which the subject identifies target words within the sentence [2] , to the SPIN format that controls the predictability of the target word [3] , and to meaningful sentences of everyday language that have been employed with an adaptive procedure format that determines specific points (e.g., 50 percent) on the psychometric function [4] .
The overall project involved the development and evaluation of sentence materials based on target words selected using two criteria: word-usage frequency and word confusability based on a single phoneme substitution metric [5] . The aspect of the project reported here examined the learning effects associated with repeated presentations of word-recognition materials with the use of sentence materials and an adaptive psychophysical procedure. Egan reported that with multiple trials of listening to words in an ambient noise [6] , recognition performance improved from about 60 percent correct to about 80 percent correct over 5 successive practice days. Egan did not attribute the improved performance to any particular aspect of the listening-response task. The design of the current experiment permitted the examination of two questions. The first question addressed whether or not thresholds measured with sentence materials changed with repeated measures. The second question, which was based on a positive answer to the first question, addressed the source of possible learning effects, i.e., were the learning effects from repeated measures owing to (1) learning the words that compose the sentences; (2) learning the test environment and the listening-response task, including familiarity with the speaker; or (3) a combination of learning the materials and learning the listening task?
METHODS

Subjects
Three groups of 10 subjects each were studied. The three groups were included to determine if practice on the listening task had different effects on listeners of various age groups and degrees of hearing loss. The <30 years group consisted of young adults (mean = 23.7 years) with normal hearing <20 dB HL at the 250 Hz to 8,000 Hz octave frequencies [7] . The 40 to 60 years group consisted of adults (mean = 51.8 years) with mild-to-moderate sensorineural hearing loss, whereas the >65 years group consisted of adults (mean = 72.2 years) with mild-to-severe sensorineural hearing loss. The mean audiograms for the ears tested in each of the three groups are shown in Figure 1 . The following standard deviations were observed for each subject group at the 250 Hz to 8,000 Hz octave intervals: 4, 4, 6, 7, 7, and 8 dB (<30 years group); 7, 8, 10, 12, 15 , and 21 dB (40 to 60 years group); and 12, 11, 13, 20, 23, and 27 dB (>65 years).
Materials
The sentences, each of which had seven to nine syllables and three target words, were homogeneous with respect to psychometric slope, range, and midpoint [5, 8] . Development of the sentences is described elsewhere [5] . Briefly, the sentences were grouped into one of the following four categories based on the word category of the three target words: (1) HD (high density)-high frequency of usage from a dense neighborhood, (2) HS (high sparce)-high frequency of usage from a sparse neighborhood, (3) LD (low density)-low frequency of usage from a dense neighborhood, and (4) LS (low sparce)-low frequency of usage from a sparse neighborhood. The categorization of low versus high frequency of word usage was based on the entire set of familiar monosyllabic consonant-vowel-consonant (CVC) words in the pocket lexicon, which was described by a 7-point rating scale [9] . Sparse and dense refer to similarity neighborhoods in an assumed representation of the mental lexicon. A sparse word is relatively phonetically unique; i.e., it sounds like very few other words. A dense word is phonetically similar to many other words. Words from each lexical category were used three at time to form the sentences in a format similar to that used by Plomp and Mimpen or Bench and Bamford [4, 10] . That is, the three target words in each sentence were from the same word category. For this study, six lists of 25 sentences each were compiled. Because substantially more words met selection criteria in the HD and HS categories than in the LD and LS categories, the HD and HS categories had two lists each, whereas the LD and LS categories had one list each. Two randomizations of each list were available.
For each subject, one list from both the HD and HS categories was designated as the "experimental" list with the other HD and HS lists assigned as "control" lists. The experimental lists were lists on which thresholds were established only in the first and fifth test sessions, i.e., the experimental materials were withdrawn from and not presented during Sessions 2, 3, and 4. The control lists were materials that were administered in each of the five sessions that served as practice items with multiple thresholds being established in each session. For a given subject, then, the control lists were used throughout the five sessions to provide practice on the listening and response task, whereas the experimental sentence lists were used only during Sessions 1 and 5. Because of the limited number of LD and LS sentences, the LD and LS lists were always used as experimental lists. Four experimental lists (HD, HS, LD, and LS) and two control lists (HD and HS) were selected for each listener.
Procedures
Each subject participated in a 1-hour listening session per day for 5 days during a 5-to 10-day interval. Eight thresholds for the sentence materials were established in each of the five sessions. During Sessions 1 and 5, thresholds for four experimental conditions (HD, HS, LD, and LS) were obtained, as were thresholds for four control conditions (two randomizations of HD and HS). During Sessions 2, 3, and 4, thresholds for eight control conditions were established (two conditions-HD and HS, by two randomizations, by two replications). Presentation orders during each session were randomized.
The sentences were reproduced from a digital audio tape (Sony, Model DTC-59ES), routed through an audiometer (Grason-Stadler, Model 10), and presented to the subjects through a TDH-50P earphone encased in a P/N 510C017-1 cushion. Left ears were used on the odd number subjects and right ears were used on the even number subjects. All testing was conducted in a sound booth (IAC, Model 1205). An adaptive procedure was used to establish thresholds for the sentence materials [11] . The task of the subject was to repeat the sentence, with scoring based on the three target words in each sentence. If two or three of the target words were recognized, then the level of the subsequent sentence was decreased 2 dB; if fewer than two of the target words were recognized, then the level of the subsequent sentence was increased 2 dB. The threshold track was terminated after 12 reversals with the first 3 reversals discarded and the last 9 reversals used to compute threshold, which was defined as the midpoint of the excursion. In addition to the threshold metric, the amplitudes of the excursions of the threshold tracks were evaluated.
Finally, a subset of six listeners from the 40 to 60 years group and six listeners from the >65 years group participated in a sixth session that replicated the eight conditions administered in Sessions 1 and 5. Session 6 was included to determine the extent of the carryover associated with the learning effects that were observed in the first five sessions. A 20-to 30-day hiatus separated Sessions 5 and 6.
RESULTS AND DISCUSSION
The relationships among the data for the four conditions were the same. Every subject in each of the two control conditions (HD and HS) and in each of the four experimental conditions (HD, HS, LD, and LS) had lower thresholds in Session 5 than in Session 1. Accordingly, an analysis of variance (ANOVA) indicated that thresholds obtained in Session 5 were significantly lower than the thresholds obtained in Session 1 [F(1,27) = 685.0, p < 0.01]. For this reason, only the data for the HD condition are presented to illustrate the various relations that were observed in the study. The mean word-recognition thresholds for the HD condition across the five sessions for the three subject groups are illustrated in Figure 2 and are listed in Table 1 , which includes the standard deviations (SDs) and the differences between the thresholds obtained in Session 1 and Session 5. Multiple trials of the various control conditions were administered during Sessions 1 and 5 (two trials) and Sessions 2, 3, and 4 (four trials). For each session, only the data from the first trial of each condition in that session are reported. The mean data in the lower, middle, and upper portions of the figure are from the <30 years group, the 40 to 60 years group, and the >65 years group, respectively. The experimental data (Sessions 1 and 5) are depicted with filled symbols connected with dashed lines; the open symbols with solid lines represent the data for the control conditions used in each of the five sessions.
Three general results are apparent from the data in Figure 2 and Table 1 . First, the mean thresholds for the three groups of subjects are different. An ANOVA with repeated measures (two within [condition/session] and one between [subject group]) indicated that the threshold differences among the three subject groups were significant [F(2, 27) = 21.2, p < 0.01]. Post hoc Scheffé tests indicated that thresholds for each subject group were significantly different from the thresholds for the other subject groups (p < 0.01). This finding was expected as the subjects were selected from specific age-related categories that reflect different degrees of hearing loss. Second, as indicated earlier, the thresholds obtained in Session 5 were significantly lower than the thresholds obtained in Session 1. For each of the four experimental (HD, HS, LD, and LS) and two control conditions (HD and HS), the pair differences (Sessions 1 and 5) were significant (p < 0.01). Although the thresholds for the three groups of listeners are displaced from one another in Figure 2 , the functions for the three groups across the five sessions are essentially parallel. This finding indicates that the improvements noted in recognition performances across the sessions were the same for all groups. Thus, age differences and degree of hearing loss did not influence the degree of improvement in performance noted between Sessions 1 and 5.
The thresholds for the HD condition displayed in Figure 2 for the <30 years group were 10.5 dB HL for Session 1, decreasing to about 4 dB HL by Session 5. This 6 dB to 7 dB difference for the HD experimental conditions, which was significant, is highlighted in Figure 3(a) in which the thresholds from the HD, HS, LD, and LS conditions for the individual subjects from Session 1 (abscissa) are plotted against the threshold for the corresponding condition in Session 5 (ordinate). All the data points are to the right of the diagonal lines, indicating higher thresholds in Session 1 than in Session 5. With the 40 to 60 years group (Figure 3(b) ) and the >65 years group (Figure 3(c) ) a similar, but slightly larger, difference (7.7 dB to 8.4 dB) exists between the individual subject thresholds in Session 1 and Session 5. This second finding, which answers the first research question, indicates that for each of the three subject groups, the thresholds improved significantly between the first and fifth session. Egan and Dubno et al. observed similar improvements in word-recognition performance [6, 12] . Egan noted a 20 percent (4 dB to 5 dB) improvement in the recognition of the PB-50 words presented in noise on 5 successive days. More recently, Dubno et al. in a similar study with the NU 6 materials presented in noise observed a 6 percent improvement in recognition performance over nine trials. Neither study, however, was designed to examine the learning components that contributed to the improved performances that were observed. The distribution of the datum points for the <30 years group in Figure 3(a) is tightly grouped, reflecting homogeneity in recognition performance. In contrast to the <30 years group, the datum points for the other two subject groups progressively become less homogeneous as age and degree of hearing loss increase. This is an expected finding when the variability associated with the hearing sensitivity between groups and within groups reflected in the pure-tone audiometric findings is considered (see Figure 1) .
The second research question addressed whether or not decreases in thresholds across sessions were owing to the subjects learning the test material, learning the test and listening environment, or a combination of both learning effects. From Figure 2 and Table 1 , comparison of the thresholds for the experimental and control conditions obtained in Session 1 indicates essentially no difference between the two sets of data. The same relation is observed for the data in Session 5. Consider the data from the 40 to 60 years group. The mean thresholds for the HD condition in Session 1 were 22.4 dB and 22.5 dB HL for the control and experimental conditions, respectively. As the session number increased, the mean threshold for the control condition systematically decreased from 18.9 to 18.7 to 15.9 dB HL in Sessions 2, 3, and 4, respectively. In Session 5, the mean threshold for the control condition was 14.0 dB HL that represented a threshold decrease of 8.4 dB from the 22.4 dB HL threshold obtained in Session 1. The threshold for the experimental condition in Session 5 was 14.4 dB HL. The decrease in threshold must be attributable to improvement that the subjects experienced with repeated practice in Sessions 2, 3, and 4 with the task. Because the materials for the control condition were presented in each of the five sessions, the control condition cannot possibly differentiate the effects associated with learning the materials (i.e., the test words) from the effects associated with learning the test procedure and test environment (i.e., wearing earphones, sitting in a sound booth, listening to signals at low levels, repeating stimulus materials, becoming familiar with the various characteristics of the speaker, etc.). The data from the experimental conditions, however, provide insight that differentiates the two types of learning effects.
In comparison to the exposure received by the subjects to the materials in the control conditions, the practice received by the subjects to the materials in the experimental conditions was minimal. The thresholds for the control and experimental conditions were lowered by the same amount between Sessions 1 and 5 ( Table 1 , right column). The practice received on the control conditions improved the word-recognition performance by the subjects on the control materials. Likewise, the recognition performance of the subjects improved on the experimental materials on which no practice was received during Sessions 2, 3, and 4. The implication is that the subjects were not learning the test materials (words and/or sentences) but rather the subjects were learning the test procedure, test environment, etc. Although not presented, the HS, LD, and LS materials demonstrated these exact relations.
To this point, the focus has been on the control and experimental data from Sessions 1 and 5. Sessions 2, 3, and 4 were used as control conditions in which eight thresholds (four HD and four HS) were obtained from each subject in each session. These control conditions provided the subjects with practice on the listening task and materials. The mean thresholds for the HD condition (and SDs) for the four trials within each of Sessions 2, 3, and 4 are listed in Table 2 for each of the subject groups. Two relations are of interest in the data. First, as was reported earlier, as the session number increased, the thresholds decreased, a relation that is true for each subject group. Second, the thresholds for a given condition changed little, if any, across trials of a given session. Collapsed across subject groups and sessions (2 to 4), the overall mean threshold for Trial 4 within a session (19.2 dB HL) was only 0.2 dB lower than the mean threshold for Trial 1 within a session (19.4 dB HL). Thus, the thresholds across trials within a session remain remarkably stable, which is in contrast to the systematic decrease in thresholds that was observed across sessions.
The threshold data for the HD condition from six of the 40-to 60-year-old listeners and six of the >65-yearold listeners who participated in Session 6 (20 to 30 days following Session 5) are depicted in Figure 4 . For comparison, the mean data from the respective subsets of subjects obtained in Sessions 1 through 5 are shown. For both subject groups, recognition performance regressed slightly (2.9 dB to 3.3 dB) between Sessions 5 and 6, but all thresholds for the individual subjects were lower in Session 6 than in Session 1. These results indicate that over the 20-to 30-day interval, the listeners retained a portion of the listening sophistication that had been acquired during the initial five test sessions.
Finally, in addition to the threshold measure obtained from each set of data, the amplitudes of the last nine excursions of the threshold tracks were evaluated. The mean track excursion sizes (in decibel) are depicted in Figure 5 for the various HD listening conditions, listening sessions, and subject groups. A general characteristic of both the control data (open symbols with solid lines) and the experimental data (filled symbols with dashed lines) is that the excursion size decreased as the number of sessions increased. For both the <30 years group and the 40 to 60 years group, the excursion size systematically decreased ~0.5 dB from 2.8 dB in Session 1 to 2.3 dB in Session 5. With the >65 years group, the decrease in excursion size was reduced to about 0.2 dB, from 2.7 dB to 2.5 dB. Although these differences are small, the findings indicate that as practice on the listening task increased, the subjects became more proficient at the listening-response task. By Session 5, threshold was "bracketed" typically by little more than onestep size (2 dB). Because the sizes of the track excursions of the control and experimental conditions changed by similar amounts between Sessions 1 and 5, one can conclude, as with the threshold measures, that the equivalent changes in performance on the control and experimental conditions were owing to practice or exposure on the test procedure and test environment and not to learning the target stimulus words and sentences.
CONCLUSIONS
For a word-recognition task using sentence materials, young subjects with normal hearing and older subjects with hearing loss demonstrated improved thresholds with an adaptive psychophysical procedure over test sessions on 5 days. Comparison of the data from the control and experimental conditions indicated that the improvements in performance were owing to the listeners learning (i.e., becoming more sophisticated), the listening-response task, and the listening environment. The improvement was not attributable to the listeners learning the test words and/or sentences. Based on the data across the test sessions, the test-retest characteristic of the materials and procedures would be poorer; however, based on the data across trials within a session, the test-retest characteristic would be good. The current findings provide one type of evidence that subjects can improve word-recognition performance with practice on the listening task. Because the adaptive psychophysical procedure and sentence materials involved in the current study are different from the traditional clinical method used to access word-recognition 
